TAP CHI KHOA HOC YERSIN - CHUYEN PE KHOA HOC CONG NGHE

XAY DU'NG QUY TRINH AN TOAN BUC XA
TRONG QUA TRINH SAN XUAT DU’Q'C CHAT
VI CAU PHONG XA 90Y VA 32P-CHROMIC PHOSPHATE
TAI LO PHAN ’NG HAT NHAN PA LAT

Pham Thanh Minh®, Dwong Vin Péng', Nguyén Thanh Nhan?,

Ddng H6 Hong Quang?, Mai Phwéc Minh Thanh?,
Ng6 Thi Thu Thily!, Nguyén Dinh Lam?,
Nguyén Ddng Khoa', Nguyén Thanh Binh!

Title: Develop a radiation safety
procedure in the production
process of Y-90 microspheres and
32P-chromic phosphate in da lat
nuclear reactor

Tir khoa: an toan birc xa; hat vi
cdu Y-90; 32P-chromic phosphate;
[o phdn t¥ng hat nhdn Da Lat

Keywords: radiation safety; Y-90
microspheres; 32P-chromic
phosphate; Da Lat nuclear reactor
Lich st bai bdo:

Ngay nhdn bai: 20/3/2021;

Ngay nhdn két qud binh duyét:
25/4/2021;
Ngay chdp
20/6/2021.

nhdn ddng bai:
Tdc gia:
1Vién nghién ciru hat nhdn

Email:
phamthanhminhnridl@gmail.com

TOM TAT

Trong bai bdo nay, chiing téi nghién ctru xdy dwng quy
trinh an toan bikc xa trong qud trinh sdn xudt dworc chdt vi cdu
phdng xa Y-90 va 32P-chromic phosphate tai o phdn ttng hat
nhdn Pa Lat tvng dung trong diéu tri ung thw tai Viét Nam.
Phwong phdp do sudt lidu gamma, béta dwoc do trén mdy do
sudtliéu cim tay RAD 100, kiém tra nhiém bdn phéng xa bé mdt
trén mdy CoMo 170, cdc phwong phdp che chdn birc xq, xit ly
chdt thdi phéng xa va tdy xa dworc thyc hién tai 1o phdn tbng hat
nhdn Da Lat. Két quad dd xdy dwng dwoc quy trinh an toan bikc
xa trong qud trinh sdn xudt dworc chdt vi cdu phéng xa Y-90 va
32P-chromic phosphate tai 10 phdn i¥ng hat nhdn Pa Lat ddp
ttng cdc yéu cdu vé an toan birc xa theo quy dinh cta Cuc an
toan birc xa va hat nhéan (Viét Nam). Pdy la nhitng sdn phdm
thudc phéng xa ddy hiva hen trong diéu tri ung thw tai Viét Nam
hién nay.

ABSTRACT
In this article, we study to develop a radiation safety
procedure in the production process of Y-90 microspheres and
32P-chromic phosphate at Dalat nuclear reactor for
application in cancer treatment in Vietnam. Gamma and beta
dose rate measurement methods were measured by the RAD
100 dosimeter, surface radioactive contamination was checked
on the CoMo 170 dosimeter, radiation shielding methods,
radioactive waste treatment, and radioactive bleaching were
done in Dalat nuclear reactor. The result is that we developed a
radiation safety procedure of Y-90 microspheres and 32P-
chromic phosphate in Da Lat nuclear reactor to meet radiation
safety requirements of Vietnam Agency for Radiation and
Nuclear Safety. This is a promising radiopharmaceutical for

cancer treatment in Vietham nowadays.
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1. Gi¢i thiéu

Theo thong ké cia To chirc Y Té Thé
Gi¢i (WHO), ty 1é ti vong trén thé gi¢i do
bénh ung thw rat cao. Hing nam c6 khoang
10 triéu trweong hop mic ung thw va trén
8 triéu ngwoi da chét do ung thw. O Viét
Nam, mdéi nidm wéc tinh c6 khoang
150.000 ca ung thw méi va trong do6 co
trén 50.000 ca t& vong. Ung dung y hoc
hat nhan dé€ chin doan va diéu tri da duoc
thwc hién kha pho bién & cac nwéc cé nén
y hoc tién tién. Y hoc hat nhan ngay cang
dwoc chirng minh 1a linh vwc cong nghé
cao trong rng dung chin doan va diéu tri
ung thw (Piel & Résch, 2012).

biéu tri ung thw gan bang hat vi ciu
phdong xa 90Y c6 kich thwéc nho, nhirng
hat nay sé dwoc dwa vao dong mach gan
dén dung vi tri nudi khéi u. Nhirng hat nay
phat ra tia birc xa béta véi tén goi la hat vi
cau phéng xa 90Y. Khi hat vi cAu dén khéi
u sé phat tia phong xa va tiéu diét té bao
ung thw. Tia birc xa tir hat vi cau cling dong
thoi sé khién viéc lvu théng dAn mau vao
bi can tré, nghén tic 1am cho khéi u bi tiéu
diét. Pay 1a phwong phap diéu tri vi cau
phéng xa chon loc, cac té bao ung thw gan
duwoc tiéu diét chon loc nhit, con cac té
bao lanh xung quanh dwoc bao vé an toan
nhit (Vente et al., 2009).

Trén thé gi¢i san phdm 32P-chromic
phosphate da tré nén thwong mai hoa,
dwgc Cuc quan ly Thwc phdm va Dwoc
phdm Hoa Ky (FDA) phé chuin. Dwoc chit
phdng xa Cr32P04 dung cho diéu tri tran
dich mang phéi, mang bung do ung thw
hodc di can tir cdc ung thw khac, diéu tri
ung thw tién liét tuyén, ung thw buodng
tritng (Zook et al,, 2011).

O nwéc ta ngudn dwoc chat vi ciu
phong xa 90Y va san phdm 32P-chromic
phosphate chi yéu nhip khiu tr nwéc
ngoai v&i gia thanh 1én dén 300 triéu cho
mot liéu diéu tri. D€ theo kip sw phéat trién
ctia nén Y hoc hién dai trén thé gi¢i, mot s6
nha khoa hoc trong nwéc trén linh vuc nay
cling dang tirng bwére tim toi va nghién ctru.

Tuy nhién, dé thwc hién phwong phap
nay can c6 sw phéi hop nhiéu chuyén nganh
vé ung thw, y hoc hat nhan, dién quang can
thiép, hé thong may moc thiét bi hién dai va
dac biét la ddm bao an toan birc xa trong
ti€p xuc, van chuyén vat liéu phong xa va
quan ly chit thai phong xa. Viéc sdn xuit
déng vi phéng xa tai 1o phan &ng hat nhan
ba Lat, qua trinh tong hop, kiém nghiém,
van chuyén cac dwoc chat phéng xa, lwu triv
cacvatliéu phdngxa sinh ra tir qua trinh san
xuat dwoc chit phong xa doi hoi cong tac
dam bao an toan birc xa phai dwgc quan tim
mot cach chat ché, ddm bao an toan cho cac
k¥ sw van hanh cling nhw cac nhan vién lam
viéc & pham vi gan. Viéc khéo sat, do dac
suat liéu birc xa gamma va suit liéu beta
trudc, trong va sau nghién ctru va san xuit
dong vi la viéc hét sirc quan trong dé€ danh
gia mrc do an toan birc xa va kha nang che
chan ctia cac khéi vat liéu.

Muc dich ctia bai bao la xay dwng quy
trinh an toan bic xa trong qua trinh san
xudt dwgc chit vi cidu phdéng xa 90Y
micropheres va 32P-Chromic phosphate tai
Lo phan rng hat nhan Pa Lat nhim phuc vu
cho muc dich sdn xuat va &ng dung diéu tri
ung thw gan, tran dich man ph6i, mang bung
do ung thu di can tir cdc ung thu khéac, ung
thw tién liét tuyén, ung thw budng trirng...
g6p phin chiam s6c strc khoe cong dong mot
cach tich cwc va hiéu qua.
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2. Héa chit, thiét bi va phwong phap
nghién ciru

2.1. Héa chit, thiét bi

Kinh hién vi dién t& quét phin giai
cao (FE-SEM) S-4800 (Hitachi, Nhat Ban),
May do gamma va béta cim tay RAD 100,
M4y do nhiém ban phdéng xa bé mit CoMo
170, May do hoat do phéng xa ISOMED
2000, Pho6 ké gamma ORTEC (USA) do
phan giai phan giai (FWHM) tai 1332 keV
cia 60Co: 2,3 keV, hiéu suat ghi 30%,
Nhwa trao d6i Cation Bio-rex 70 dwong
kinh (20-30um) dwoc san xuit tir Cong ty
Bio-rad Hoa Ky. Tat ca hoa chit s dung
trong bai bao nay bao gobm Y203 99,9%,
P205 99,9%, Na2503 99,9%, Cr03 99,9%,
Gelatin, HCI 36,5%, NaOH 98% dwoc mua
tr hang Merck (Pwc). Lo phan &ng Hat
nhin Pa Lat cong suit 500kW.

2.2. Phwong phdp tong hop hat vi
cdu Y-90

Can 1g 89Y203 cho vao ampoule thay
tinh thach anh, han kin. Sau dé cho ampule
vao container nhom, dem chiéu xa trén Lo
phan rng hat nhin Pa Lat c6 céng suit:
500kW, théng Ilwong neutron nhiét:
2.1013n/cm2.s, thoi gian chiéu: 180 gio, vi
tri chiéu xa: Kénh 1 - 4, thoi gian dé ngudi
khoang: 24 gi& cho mot s6 hat nhin phong
xa phu c6 thoi gian séng ngan nhu 90mY
(T1/2 = 3,19 gi®) ra hét. Sau thoi gian lam
ngudi, bia 90Y203 dwoc chuyén vao box
chuyén dung (c6 che chan birc xa bang gach
chi va kinh chi, c6 théng gi6 va loc khi) dé xtr
ly hoa phéng xa (Thanh Minh et al., 2020).

Bia chiéu xa 90Y203 dwoc hoa tan
trong 15mL acid HCI 36,5% va 5mL H202
30% trong binh ciu 3 ¢& c6 gan sinh han
hoi lvu va dun trén bép khudy tir trong
vong 2 gi¢. Sau khi bia tan hoan toan, tiép
tuc c6 can bang cach cho bay hoi dén khi

chi con ba mau triang. D& mAiu ngudi va tai
hoa tan bang 5 mL HCl 0,05M thu dwoc
dung dich 90YCI3.

Cho 5mg nhwa trao ddi Cation Bio-
rex70 vao lo chira 1mL dung dich
ammonium acetate 0,1 M (pH 5,5-6,0). Sau
dé thém vao 5mCi 90YCI3 dwoc chuin bi &
trén. Phan &wng dwoc thyc hién trong mot hé
théng lic vong & téc dd Kkhudy 50
vong/phut, trong thoi gian 15 phut, pH 5 va
nhiét dé6 phong (220C). Khi két thiac phan
rng, nhya da danh dau véi 90Y dwoc tichra
bang cach ly tAm 1200 vong/phut, sau dé
re]a véi 50mL dung dich dém natri
phosphate 0,2M (pH 7,4) cho dén khi pH
dung dich bang 7,4. San phidm cudi clng
dwoc chira trong 2mL dung dich dém natri
phosphate 0,2M (Thanh Minh et al., 2020).

2.3. Phwong phdp tong hop 32P-
Chromic phosphate

Cho 18ml dung dich H2CrO4 c6 néng
doé 0,4mM va 15 ml dung dich H332P04 c6
hoat d6 phong xa 1a 300mCi cho vao binh
nit nham 500 mL. M& nwéc cdp cho sinh
han, bat bép dun va hé khuly tir véi toc do
khuay 120 vong/phut, dong thoi mé van khi
cho dong khi di qua dung dich. Khi nhiét d
800C, cho thém 18ml H20 cat 2 lan pha
tiém, 12ml dung dich gelatin 2% va 13ml
Na2S03 0,16mM vao hé chwng cat, khudy
hén hop trong 10 phat dé dam bao cac hat
phén tian déu trong moi trwong phan tan,
Khi dé hat keo hinh thanh va bi phan tan béi
lwc quay cta con tir va dong khi. Hon hop
dugc tinh ché dé lam sach bang phwong
phiap thidm tich (Anghileri & Marqués,
1967). St dung mang moéng ban thim
cellulose dang 6ng dem ngdm trong nwéc
trong 2 gio: d& mang trweong nd, sau d6 cho
dung dich keo 32P-chromic phosphate
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vao, kep chit 2 diu 6ng. Sau dé cho vao
nwdc mudi sinh 1y 0,9%, khudy tir dé cac
hat nh6 khuéch tan ra ngoai (chit bin, ion
thtra chwa phan rng) va cac hat keo git lai.
Khi c4c hat & trang thai cAn bang (khoang
2 gid) thi nglrng, thu dwoc keo 32P-
chromic phosphate sau tinh ché

(Prabhakar et al., 1999).

2.4. Phwong phdp do sudt liéu
gamma, béta

bé do suitliéu gamma va béta, str dung
may do sudt liéu cidm tay RAD 100, do suit
liéu cua toan vung bwéc séng alpha, béta,
gamma va tia X. Pau do Halogen-quenched
Geiger-Mueller. Pht bén ngoai bang mica c6
ti trong 1,5~2,0 mg/cm2. D6 nhay: 1000
cpm/mR/hr. Pén dém sing mau LED dé
moi lan dém (Park et al., 2011).

2.5. Phwong phdp kiém tra nhiém
bdn phong xa bé mat

Do nhiém xa trén bé mat dwoc xac
dinh bang may do nhiém xa bé mit CoMo
170. M4y do nhiém xa bé& mat CoMo 170
dung detector nhap nhdy nhwa mdng c6
phu mot1&p ZnS, kich thudc detector: 170
cm2, c¢6 thé do dwoc téng cac tiaa, Bvavy,
gia tri phong ctia may do a = 0,1 cps; B/y
= 15-25 cps. PO nhiém bin hién thi trén
man hinh 13 suit liéu Bq/cm2. M4y c6 thé
do dwoc 25 hat nhan phéng xa (Co60,
Cs137, Y90, P32,Tc-99m, 1-131, Ho-166,
Sm-153, Re-188, Re-186...) v&i cac hiéu
suat do khac nhau. Thoi gian do ty dong
hodc c6 thé diéu chinh dwoc. DE cd dinh
khoang cach tir detector téi bé mat mau
vat do, may do dwoc dit c6 dinh trén mot
gia bang gob kich thwéc bang dién tich bé
mit detector, mau thi nghiém dwoc dit
trén mot gia do & bén dwdi cach detector
2,5cm (Evseeva etal., 2012).

3. Két qua va thao luan

3.1. Sudt liéu birc xa tai mét sé vi tri
quan trong trong qud trinh sdan xudt dwo-c
chdt vi cau phong xa 90Y va 32P-Chromic
phosphate

DPo6i véi hat vi cAu 90Y: Trong mau
90Y203 sau chiéu xa c6 chira dong vi phat
gamma (90mY, t1/2 3 gid, 203 keV) va phat
beta (90Y). 90Y cé chu ky ban ra la 2,67
ngay, phat tia béta c6 nang lwong 2,28 MeV
(99,99%) va phat gamma c6 nang lwgng cuc
dai 1,7 MeV (0,01%). Ngoai ra, Miu bia
90Y203 dung trong ampoule thuay tinh va
container nhém sau khi chiéu xa (1g) trén lo
phan rng hat nhan Pa Lat cling sé phat ra
tia gamma. Do tong hoat d6 phdéng xa riéng
cda hat vi cau 90Y 1a 800 mCi/g.
san phidm 32P-chromic
phosphate: 32P c6 thoi gian ban ra 14,3
ngay phat tia - cé nang lwong cuc dai 1,71
MeV va nang lwgng trung binh 0,69 MeV.
MAu bia 31P205 dung trong ampoule thiy
tinh va container nhém sau khi chiéu xa
(1g) trén 10 phan rng hat nhan ba Lat cling
sé phatra tia gamma. Do tong hoat d6 phdng
xariéng cta 32P la 130 mCi/g.

boi  voi
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Hinh 1. So A0 mdt bang khu vwc sdn
xudt, kiém nghiém dworc chdt vi cdu 90Y va
32P-Chromic phosphate
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Nhu vay, ca 2 mau (hat vi ciu 90Y va
32P-Chromic phosphate) sau khi chiéu xa
trén 10 phan &ng hat nhan déu phat ca tia
gamma va béta nén sé do téng suit liéu
blrc xa gamma, béta tai cac vi tri quan
trong trén so d6 mit bang khu vuc san
xudt, kiém nghiém hat vi cdu 90Y va 32P-
Chromic phosphate trwéc, trong va sau
khi téng hop (hinh 1).

Do suitliéu gamma, béta bén ngoai cac
container chi vin chuyén (bé day chi 10 cm)
chita hat vi cidu 90Y va 32P-Chromic
phosphate trwéc va sau khi da tong hop. Cac
gia tri suit liéu gamma, béta dwoc do 03 14n
va lay gia tri trung binh (bang 1).

Bdng 1. Sudt liéu birc xa tai cdc vi tri
trong khu vwc sdn xudt hat vi cdu 90Y (a) va
32P-Chromic phosphate (b)

da.

Trung binh tong suit liéu bikc a
L )
Diém djt thiétbido | Traée = Trong | Soukhi
Khisin | qud trinh | sin xuit
wWit | sinxudt | 3ngiy

Vitrido

Phong bite xa 7, f (uSvh) 22001
Xe contamer vin chuyen phong
xa 0 box md mu v tir box | Sét bé mit xe 22001 |5+022 | 2£031
0 méu dén box sin xuit

Sat bé mit cra, cao
0,5m
Canh hotcell, cao 0.5m | 3002 [ 222024 | 9=043

Trung tam phong, cao 32003 | 152001 | 7203
0.5m

Cite box sin it 1) 22000 | 12081 | 11082

Cauh box san xuat (2)

Trung tim phong sin xuit (3)

Passbox dira mau vao cach box
sinxuit 2 m (1)

(ira vao phong sin xut cach
box sin xuit 2,5 m (5)

Kl kiém nghiém (6)

Tai passbox, cao 05m | 2=001 | 10£021 | 5028

Tat cira, cao 0,5m 22003 102031 52022

Tai bin kiém nghiém,

. 12001 [4£021 | 2£001
cao 0,5m

Cia vio phong kiém nghiém
cich K kiém nghiém 2.5 m | Tai cia, cao 0.5m 12002 132016 | 12002
]
Hanh lang (§) 12003 2000 |1£001

b.
Trung binh ting suit liéu birc
vy, (i)
Vitrido Diém dit thiétbido | Trwge | Trong | Saukhi

khisin | qua trinh | san xuit
wat | sinxwit | Tngay

Phong bie xay, f(uSvh) | 120,01

Xe confainer vin chuyén

pdug e box DOWAYE | g 12001 34041 | 22082
fir box mo mau den box san

it

Cira box san xuat (1) Sit be mit cira, ca0 0.5m | 22006 | 102065 | 6207
Cauh box sén xuat (2) Canh hoteell, cao 05m |2£002 |8£049 | 5036
(T}r)lmg tim phong san xuat gn\j]nf tam phong, cao LS00 62048 | 42080

Passhox. dua méu véo cich

: i 5 + =017 03
boxsin st 2m (1) Tai passbox, cao 05m | 12003 [4£017 32032

(ira vio phong sin xuat cich

boxsiuxuﬁtlim(ﬁ) Tai cira, cao 0,5m 12007 [4£019 [3£030

Ta bin kigm nghiém

Kl kiém nghiém (6) . 1001 34021 | 22002
© cao 0.5m

Cita vo phong kiém nghiém

cch ki kiém nghiém 2,5 m | Tal cia, cao 0.5m 120,02 [2£004 | 12031

U]

Hiuh lang (8) 12003 [1£005 12011 |

Két qua bang 1 cho thay tong suét liéu
birc xa gamma va béta tai cac vi tri khu vuec
san xudt hat vi ciu 90Y va 32P-Chromic
phosphate déu ndm trong gi&i han suit liéu
ctia khu virc kiém soat. Chi yéu suitliéu birc
xa gamma va béta cao tai khu vwc ctra box
san xuat do day la khu vy ti€p xtc gan nhit
v&i nguon phong xa.

Tong sudt liéu birc xa gamma va béta
trong qua trinh san xut hat vi ciu 90Y cao
hon 32P-Chromic phosphate, nguyén nhan
do 90Y c6 hoat do riéng cao, cé nang luwong
phat tia béta va c6 thanh phin phat tia
gamma cao hon so véi 32P.

3.2. bdnh gid liéu chiéu cho nhdn vién
trong qud trinh sdn xudt hat vi cdu 90Y va
32P-Chromic phosphate

3.2.1. Liéu hdp thu trung binh tai khu
vwre sdn xudt

bé tong hop hat vi cau 90Y va 32P-
Chromic phosphate, trung binh nhan vién
phai lam viéc t6i da trong 1 gio.
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Ctra box san xuét (1):

Tong suat liéu gamma va béta (S) trung
binh tai ctra box sdn xuit d6i v&i hat vi cau
90Y va 32P-Chromic phosphate lan lwot la
24 +0,81pSv/h va 10 + 0,65uSv/h, liéu hap
thu trung binh nhan dworc tai day nhw sau:

Dai véi hat vi cau 90Y: D1= S1 x t = 24uSv

Doi véi 32P-Chromic phosphate: D1 =
S1xt=10uSv

Canh box san xudt (2):

Tong suatliéu gamma va béta (S) trung
binh tai canh box san xuit déi véi hat vi cu
90Y va 32P-Chromic phosphate lan lwot la
22 + 0,24uSv/h va 8 + 0,49uSv/h, liéu hip
thu trung binh la:

Doi véi hat vi ciu 90Y: D2=S2 xt=22uSv

béi véi 32P-Chromic phosphate: D2 =
S2 xt=8uSv

Trung tAm phong san xuit (3):

Tong suatliéu gamma va béta (S) trung
binh tai trung tim phong san xuit doi voi
hat vi cAu 90Y va 32P-Chromic phosphate
lanlwotla 15+ 0,11uSv/hva 6 £ 0,43uSv/h,
liéu hép thu trung binh la:

Doi véi hat vi cAu 90Y: D3=S3 xt=15uSv

Doi véi 32P-Chromic phosphate: D3 =
S3xt=6uSv

Passbox dwa miu vao cach box san xuit
2m (4):

To6ng suit liéu gamma va béta (S) trung
binh tai Passbox dwa mau vao cach box san
xudt 2m déi véi hat vi cdu 90Y va 32P-
Chromic phosphate l4n Iwot la 10 +
0,21uSv/h va 4 + 0,17uSv/h, liéu hap thu
trung binh la:

Dai véi hat vi ciu 90Y: D4= S4 x t = 10uSv

Doi véi 32P-Chromic phosphate: D4 =
S4 xt=4pSv

Clra vao phong san xult cach box san
xuat 2,5m (5):

T6ng suat liéu gamma va béta (S) trung
binh tai clra vao phong san xuit cach box
san xudt 2,5 m d6i voi hat vi ciu 90Y va
32P-Chromic phosphate lan lwot 1a 10 +
0,31puSv/h va 4 + 0,19uSv/h, liéu hap thu
trung binh la:

Dai véi hat vi ciu 90Y: D3=S3 x t= 10uSv

boi véi 32P-Chromic phosphate: D3 =
S3xt=4uSv

Xe container vin chuyén phdéng xa
dén box m& miu va tir box m& miu dén
box san xuat

Dé van chuyén phong xa tir 10 phan &ng
hat nhan dén box mé& mau va tir box mé mau
dén box san xuit thi nhan vién can thoi gian
5 phut (0,08 gi®). Tng suit liéu gamma va
béta (S) trung binh ctia xe container van
chuyén phéng xa dén box san xuit doi véi
hat vi cAu 90Y va 32P-Chromic phosphate
lan lwotla 5 + 0,22uSv/h va 3 + 0,41uSv/h,
liéu hip thu trung binh la:

Doi véi hat vi cdu 90Y: D=Sxt=0,4 pSv

Doi véi 32P-Chromic phosphate: D = S
xt=0,24uSv

Hanh lang (8)

Khu vuc hanh lang, ching t6i tinh liéu
hip thu trong toan bd thoi gian san xuit la
1 gio. Téng suit litu gamma va béta (S)
trung binh tai hanh lang déi véi hat vi cau
90Y va 32P-Chromic phosphate lan lwot la
2+0,01uSv/hva1l+0,05uSv/h,liéu hdp thu
trung binh la:

Doi véi hat vi cdu 90Y: D8= S8 x t = 2uSv

Doi véi 32P-Chromic phosphate: D8 =
S8 xt=1uSv

3.2.2. Liéu hdp thu trung binh tai khu

vwe kiém nghiém
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DE kiém nghiém hat vi ciu 90Y va 32P-
Chromic phosphate, trung binh nhan vién
phai lam viéc toi da trong 0,5 gio.

Tai khu vuc kiém nghiém (6):

Tong suat liéu gamma va béta (S) trung
binh tai khu kiém nghiém déi v&i hat vi cau
90Y va 32P-Chromic phosphate 1an lwot 1a
4 +0,21uSv/hva3+0,21uSv/h, liéu hdp thu
trung binh la:

Doi véi hat vi cdu 90Y: D6=S6 x t = 2uSv

Dboi véi 32P-Chromic phosphate: D6 =
S6 xt=1,5uSv

Ctra vao phong kiém nghiém cach khu
kiém nghiém 2,5m (7):

Tong suatliéu gamma va béta (S) trung
binh tai cra vao phong kiém nghiém cach
khu kiém nghiém 2,5 m déi véi hat vi cau
90Y va 32P-Chromic phosphate lan lwot la
3+0,16uSv/hva 2 +0,04uSv/h, liéu hip thu
trung binh la:

Dai véi hat vi ciu 90Y: D8=S8x t = 1,5uSv

Doi véi 32P-Chromic phosphate: D8 =
S8 xt=1uSv

Nhuw vay, trong mot thang cé 04 ca san
xult thudc phong xa, néu nhan vién bic xa
lam viéc trong ca 04 ca thi liéu hap thu téi
da nhan dwoc trong 1 thang:

Doi véi hat vi cau 90Y: DY-90= Y DY-90
=86,90uSv =0,087mSv.

Déi véi 32P-Chromic phosphate: D32P-
Chromic phosphate = ) D32P-Chromic
phosphate = 35,74uSv = 0,036mSv.

Gidi han liéu hiéu dung tinh theo thiang
déi voi nhan vién birc xa theo Thong tw s6
19/2012/TT-BKHCN la 1,67 mSv. Nhuw vay
véi diéu kién lam viéc binh thwong trong
qué trinh sdn xudt hat vi cdu 90Y (liéu hap
thu 0,087mSv/thadng) va 32P-Chromic
phosphate (liéu hip thu 0,036mSv/thang),

nhan vién birc xa nhan liéu hip thu nhé hon
rat nhiéu so v6i liu gi¢i han cho phép.

3.3. Pé nhiém bdn phéng xa bé mdt
tai khu vwee sdn xudt dworc chdt vi cdu 90Y
micropheres va 32P-Chromic phosphate

Do qué trinh san xuit dwoc chit vi ciu
90Y micropheres va  32P-Chromic
phosphate 1a mdt chu trinh c¢6 kiém soat birc
xa chit ché nén nhiém ban phéng xa bé mit
thwong cé kha ning 1é6n nhit xay ra tai
phong san xuit tdng hop. Do nhiém bin
bang phwong phép truc tiép biang may do
CoMo 170, gitr dau do do nhiém ban cach bé
mat can do 2,5 cm tai cac vi tri: sat chan box
san xudt (A), cach chan box san xuit 0,3 m
(B), cach chan box san xuat 1 m (C) (hinh 2).
Mobi diém do 03 lan, mbi lan do trong thoi
gian 30 gidy va lay gia tri trung binh do
nhiém ban phéng xa bé mit. K&t qua thé
hién bang 2.

A f T
" BRI
uag T

7] sivlo | RUALO [KHOTADUGC+
71 THOY THOY | VO NANG + BAO
| TINH TINH Bi

KIEM NGHIEM |

S

A £ ) !
| T0C DIEM T.90D 1
|

Hinh 2. Cdc vi tri do d6 nhiém bdn
phéng xa bé mdt trong phong sdn xudt

Bdng 2. DY nhiém bdn phéng xa bé mdt
tai cdc vi tri trong phong sdn xudt khi sdn
xudt dwoc chdt vi cdu 90Y (a) va 32P-

Chromic phosphate (b)
Trung binh d nhiém bin phong xa bé mit
() i (Bofem?)

I Trutekhisin | Saukhisin | Sou khi sin

it it Uit 3 ngiy

Sat chin box san yuat (4) 034=005 | 163017 | 082£0M4
Cach chan box sinxuat 03 m(B) | 0162003 | 0952008 | 0400
Cachchanboxsinswat Lm(C) | 0132001 | 055006 | 030+005

Tap 9 (8/2021)



TAP CHI KHOA HOC YERSIN - CHUYEN PE KHOA HOC CONG NGHE

b) Trung biah 4 nhiém bin phing va bé mt
(Blem?)
Trwtre Khisan | Sau khi sin
il it
054006 | 0842013
0212004 | 0432006
0174002 | 033200

Vit Sau khi san
uat Tngiv
0332009
0312003
020204

Sit chin box san it (4)
Céich chim box san xuit 03 m B)
Chich chin box sdn xuit 1 m (C)

Két qua bang 2 cho thiy tai phong san
xuit téng hop c6 nhiém bin phong xa bé
mat, dac biét 1a khu vwc sat chan box san
xudt (A) nhiém ban cao hon 2 vi tri con lai.
biéu nay c6 thé giai thich do: Bia sau chiéu
xa 90Y va 32P dwoc hoa tan trong 15mL
acid HCI 36,5% va 5mL H202 30% trong
binh cu 3 ¢6 ¢6 gan sinh han héi lwu va dun
trén bép khudy tlr trong vong 2 gi¢. Sau khi
bia tan hoan toan, tiép tuc cd can bang cach
cho bay hoi dén khi chi con ba mau trang.
Nhw viy, khi m& ctra box san xuit dé lay
mau hodc 14y container ciing c6 thé lam
lwong HCl bay hoi c6 1an lwgng nhé 90Y va
32P lang xudng san nha va giy ra nhiém bin
phéng xa bé mit;

Theo biéu 21 Théng tw 23/2012/TT-
BKHCN quy dinh nhiém ban phéng xa khéng
dwoc vwot qua 4Bq/cm2 doi véi chit phat
béta, gamma va chit phat anpha doc tinh
thap. Cho nén gia tri nhiém ban phéng xa bé
mat tai phong hotcell trong qua trinh san
xuat dwgc chit vi ciu 90Y micropheres va
32P-Chromic phosphate nhé hon gi¢i han
nhiém ban cho phép.

3.4. X ly chdt thdi phong xa phdt
sinh trong qud trinh sdan xudt dworc chdt
vi cdu phéng xa 90Y micropheres va 32P-
Chromic phosphate

D0i vGi chit thai ran chira phong xa:

- Thong thwong, loai thai c6 hoat dd cao
nhit 13 container nhém va ampoule thuy
tinh, vi vy ching dwgc nhét tam vao khu
tam trir phong xa cho dén khi hoat d6 thai

giam xudng mirc hop ly sau d6 chuyén dén
nha lwu trir va xt Iy chat thai phong xa cua
Vién Nghién ctru hat nhan.

- Loai thai c6 hoat d6 thap hon la cac
loai gang tay cao su, gidy, bao bi plastic...
dwoc dwng trong cac thung rac thai phdng
xa dwoc dat tai cac vi tri gan khu vwe thao
tac voi chat phéng xa, day 1a khu vuce kiém
soat, khong c6 ngudi lam viéc thwong
xuyén. Tuy nhién, chiing ciing dwoc chuyén
vao khu lwu giit tam sau mdi dot san xuAt.
Thung chita thai loai ndy dwgc lam bang
thép khong gi, hinh tru tron, c6 ban dap dé
dong mé, bén trong dwgc 16t bao bi nilon.

Da6i vdi chit thai 16ng chira phdng xa:

boi voi phong xa long dwgc thai ra
trong qua trinh san xuit dwoc dwa vao bon
rita chuyén dung va chay thang vao bé chira
dé xtr ly tai ting hAm ctia Phong cong nghé
nudc va thai phong xa ctia Vién Nghién ctru
hat nhan.

3.5. Nghién ctru che chdn birc xa tai
box sdn xudt va box kiém nghiém trong
qud trinh sdn xudt dwoc chdt vi cdu
phéng xa 90Y micropheres va 32P-
Chromic phosphate

Cac thudc phéng xa 90Y micropheres
va 32P-Chromic phosphate phat xa chu yéu
la tia gamma va béta nén da thiét ké box che
chdn tia béta bang mica c6 bé day 5cm, kich
thuwdc 60x60x80 cm dat trong box san xuét.
Box san xuit ndy dugc lam bang chi day
10cm, c6 hé théng loc khi HEPA (loc cac hat
khi c6 kich thwéc = 0,3pm), loc phéong xa
(than hoat tinh), c6 dén tia cuc tim UV va
may khr khuin ozone dé khi trung cho
thudc tiém va dam bao an toan birc xa cho
nhan vién thi nghiém (hinh 3a va 3b).

Tai khu vuwc kiém nghiém da thiét ké
box cé kich thuéc 60x60x80cm, xung quanh
bang chi day 2cm, mat trudc bang mica day
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2cm (hinh 3c). Box ki€ém nghiém nay c6 hé
thong phu tro kém theo gom dén chiéu sang
va quat hut. Véi thiét ké nay, da che chan
dwoc cac blrc xa gamma va béta va dam bao
sudt liéu trong gi&i han cho phép cho nhan
vién birc xa.

Hinh 3. Box sdn xudt (a, b) va box kiém
nghiém (c) hat vi cdu phdng xa 90Y
micropheres va 32P-Chromic phosphate

3.6. Quy trinh an toan birc xa trong
qud trinh sdn xudt dwoc chdt vi cdu
phong xa 90Y micropheres va 32P-
Chromic phosphate

Buwérc 1: Van chuyén mdu tir 16 phdn trng
dén box mé mdu

Sau khi chiéu xa, cAc mau 90Y203 va
32P205 dwoc 14y ra khoi cac kénh chiéu xa
trong 10 phan &ng hat nhan bang thiét bi ciu
chuyén dung cé6 che chan bitc xa va duogc
van chuyén vao khu virc box mé miu bang
xe ddy (hinh 4a). CAc thao tac chuyén mau
vao container trung chuyén va vao box mé
maiu dwoc tién hanh nhanh va chinh xac
nham giam thiéu lidu chiéu cho nhan vién.
Cong viéc nay dwoc thyc hién béi cac nhan
vién da dwoc huin luyén.

Hinh 4. Van chuyén mau tir o phdn trng
dén box mé mdu (a) va mé mdu (b)

Buwéc 2: Giai dogn mé mdu

Sau khi mau duwoc dwa vao box mé mau,
nguoi thao tic st dung ban tay may dé thuc
hién viéc dit container nhém chita mau
dwgc chiéu vao dung vi tri cla gia thdo mau
va mé& mau (hinh 4b). Céng viéc duoc tién
hanh nhanh, chinh xac, va chi dwgc thuc
hién bé&i cac nhan vién da dwoc huln luyén.

Bwdc 3: Téng hop dwoc chdt phdng xa

Qua trinh téng hop dwgc chit phdng xa
hat vi cdu 90Y va 32P-Chromic phosphate
dwogc thuwe hién trong box san xuat dwoc che
chan bang chi, c6 hé théng loc khi HEPA, loc
phong xa, c6 deén tia cywc tim va may khw
khuén ozone dam bao an toan bitc xa cho
nhan vién thi nghiém. C4c thao tac tong hop
cin cin thin dé tranh diy bin phdng xa ra
bé mit san dé giam liéu chiéu cho nhén vién
thi nghiém.

Bwdrc 4: Kiém tra chdt lwong dworc chdt
phong xa

Viéc 14y mau, kiém nghiém chit
lwong dwoc chit phong xa cling can phai
thwc hién cidn thin dé tranh diy bén
phéng xa ra bé mit san dé giam liéu chiéu
cho nhan vién thi nghiém.

Bwdc 5: Péng goi san phdm

Sau khi do dac xong, cac chai dung
dwoc chit phéng xa dwoc dan nhan da ghi
day du théng tin cin thiét. Cong doan tiép
theo 1a dung dung cu déng kep nip nhom dé
niém kin chai thuy tinh va ddt vao container
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chi c6 bé day thich hop (phu thudc vao hoat
do phdng xa). Bén ngoai container chi la vo
lon bang thiéc, c6 dan nhan ghi cac thong tin
can thiét.

Bwéc 6: Thu gom, phdn logi, xi¥ 1y, vdn
chuyén thdi phéng xa

Thai phéng xa sinh ra trong hoat dong
nghién ctru va san xuit dwoc chit phong xa
phai can lwu gitr tam thoi, cho thoi gian thai
phin rd dén miac hop ly, sau dé dwoc
chuyén dén noi khu vwc quan ly thai chung
cua Vién.

Khu vwre Iwu gitlt tam thoi thai phong xa

ba xay dwng khu vire chira thai tam thoi
trong box mé& mau theo so do (hinh 5) sau:

N

21 11

Cira
Toteell

[
(=Y
(353

Cirakinh chi

1.5m

Hinh 5. So' A6 mdt bdang khu vuc lwu gitr
thdi xa tam thoi (Thung thdi container nhém
- ky hiéu 1.1; Thuing thdi ampoule thuy tinh -
ky hiéu 1.2; Thung thdi chai lo thiy tinh - ky
hiéu 2.1; Thiing thdi gdng tay, gidy, nilon - ky
hiéu 2.2)

Qua trinh phan loai, x ly va van
chuyén chit thai phdng xa

Thai phéng xa sau mdi dot san xuit
hodc trong hoat dong nghién ctru dwgc phan
loai theo tirng ching loai riéng biét:
container nhém, ampoule thdy tinh, chén
sanh (nung mau), ging tay cao su....

Loai thai c6 hoat d6 cao nhit 1a cac
container nhém va ampoul thuy tinh dwoc
nhot tam trong khu vire lwu git tam thoi cho
dén khi hoat d6 phéng xa giam xudng mirc
thich hop.

Loai thai c6 hoat d6 thap hon la cac loai
gang tay cao su, chai thuy tinh, gidy, bao bi
nhua,... dwoc dwng trong cac thung rac thai
phong xa dwoc dat tai cac vi tri trong khu
vue lru gity tam thoi.

boi véi phong xa long dwoc thai ra
trong qua trinh san xuat dwgc dwa vao bon
rira chuyén dung va chay thang vao bé chira
dé xtr ly tai tAing hAm ctia Phong cong nghé
nudc va thai phéng xa (Trung tdm Lo phan
rng) cta Vién Nghién ctru hat nhan.

Bwde 7: Qud trinh tdy xa

Khi lam viéc véi nguén phéng xa hé
(90Y va 32P) viéc day ban cac chit phong xa
ra moi trwong xung quanh (khoéng khi,
nwéc, san nha va cac bé mat) 1a diéu khé
tranh khoi. Tir cidc ngudén 6 nhiém nay cac
chat phéng xa cé thé thim nhip vao bén
trong co thé hodc bdm trén bé mit da. Vi
vay, tdy xa bao gom ca tiy xa ca nhan va tiy
xa moi treong.

Doi véi tiy xa cad nhan: Dung nwéc va xa
phong rira kj viing da nhiém ban, sau dé
dung may do suit liu dé kiém tra lai. Véi
quan 4o, d6 vai nhiém chit phong xa thi cit
gilt trong mot thoi gian thich hop cho hoat
do6 giam roi xi ly giat tay.

Dé6i véi ty xa moi trweong: Trén cac bé
mit nhiém xa (90Y va 32P) can dwoc tiy rira
v&i cac chat tdy xa hod hoc phu hop véi tirng
loai hodc c6 thé ché mot thoi gian dé chat
phéng xa phan ra. Véi nhirng dung cu nhiém
xa ma tiy xa khong c6 hiéu qua thi phai x&
1y nhw chat thai phong xa (bang 3).
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Bdng 3. Tdy xa 90Y va 32P trén cdc loai bé mdt

Bé mat nhiém xa

Dung dich tiy xa

Da, 40 quan

Rira bing xa phong va nuérc, két hop ban chai mém.

Thuy tinh, mica, nhém, thép Dung binh phun swong chira dung dich HNO3 1M dé phun

khong gi, chi
d€ lau lai.

T4m panel

trén bé mit bi nhiém xa, sau dé lau bé mat va dung nwéc cat

Dung binh phun swong chita dung dich etanol 70% dé phun

trén bé mit bi nhiém xa, sau d6 lau bé mat va dung nwéc cat

dé lau lai.

San vinyl

Dung binh phun swong chita dung dich etanol 70% dé phun

trén bé mit bi nhiém xa, sau dé lau bé mat va dung nwéc cat

dé lau lai.

Linh kién dién t&x

Dung boéng gon tdm dung dich etanol 70% dé lau bé mat

nhiém xa va sau d6 dung nwéc cat dé lau lai lan nita.

Buéc 8: Kiém tra strc khde cho nhédn vién
Kham strc khoe dinh ky:

Nhin vién lam viéc véi birc xa can dwoc
kiém tra sirc khoé dinh ky nham phéat hién
sém cac bién ddi, ngan chin anh hwdong
phong xa do strc khoé khéng phu hop.
Nhitng nguwoi lam viéc thwdng xuyén véi
phéng xa c6 thé chialam 2 nhém: Nhém lam
viéc trong diéu kién vweot qua 3/10 gidi han
liéu hang nam cin dwoc khdm dinh ky 1
lan/ndam. Nhém lam viéc trong diéu kién
khong vwot qua 3/10 gi¢i han liéu hang
nam chi kham khi cé nghi ngo.

Kham strc khoé dot xuit:

D3di véi nhirng biéu hién bat thwong thi
can phai kham sirc khée dot xuit: Do nhiém
xa trong bang phwong phép truc tiép (may

do xa toan thin) hay gian tiép (do cac vit
phdm sinh hoc nhw mau, nwéc tiéu, mo
hoi, khi thé,...). Ngoai ra con cé phwong
phap do theo nguyén ly sinh hoc phdng xa,
tirc 1a xac dinh liéu chiéu trong qua tan
sudt bién ddi sinh hoc cia mau, nhiém sic
thé cta té bao lympho.

Két luian

Pa xay dung dwoc quy trinh an toan
birc xa trong qua trinh san xuat dwoc chit vi
ciu phéng xa 90Y va 32P-chromic
phosphate dam bao an toan birc xa cho nhan
vién phong thi nghiém, nhén vién sdn xuit
va kiém nghiém &ng dung tai Vién nghién
ctru hat nhan Pa Lat dap &ng cac yéu ciu vé
an toan birc xa theo quy dinh cda Cuc an
toan birc xa va hat nhan (Viét Nam).
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